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Background: Despite the increasing rates of childhood obesity and rapid change in socio-economic status, the
mean age at menarche remains mostly unknown among contemporary girls in Kuwait and other countries in the
Gulf region. This study aimed to estimate the mean age at menarche among schoolgirls in Kuwait and investigate
the association between age at menarche and obesity.
Methods: A cross-sectional study was conducted on 1,273 randomly selected female high school students from all
governorates in Kuwait. Overweight was defined as higher than or equal to the 85th percentile and obesity as
higher than or equal to the 95th percentile using growth charts provided by the Centres for Disease Control and
Prevention (CDC, 2000). Data on menarche, socio-demographic status, physical activity and diet were collected
using confidential self-administered questionnaire.
Results: Out of 1,273 students, 23 (1.8%) were absent or refused to participate. The mean age at menarche was
12.41 years (95% CI: 12.35-12.48). The prevalence of early menarche, defined as less than 11 years of age, was 8.5%
(95% CI: 7.0-10.2%). The prevalence of obesity and overweight was 18.3% (95% CI: 16.2-20.6%) and 25.8% (95% CI:
23.42-28.30%), respectively. Age at menarche was inversely and significantly associated with odds of overweight
and obesity after adjusting for potential confounders, odds ratio 0.84 (0.77-0.93); (p = 0.001).
Conclusion: Age at menarche among contemporary girls in Kuwait is similar to that in industrialized countries.
There is an inverse association between age at menarche and obesity or overweight. Trends in menarcheal age
should be monitored and time of sexual maturation and its related factors should be taken into account in
strategies that aim to combat obesity.
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Menarche is the onset of menstruation and is one of the
milestones in women’s lives. Although it is a late marker
of puberty, it is a well validated indicator and an easily
remembered event when compared to other events in
the process of female sexual maturity [1,2]. The mean
age at menarche varies from one setting to another and
is known to be a sensitive indicator of various character-
istics of population including socio-economic status, nu-
tritional status, geographical location and environmental
conditions. Studying age at menarche is not derived by
academic interest, but rather by the huge public health
implications which might be caused by changes in the* Correspondence: altaiar@hsc.edu.kw
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distribution, and reproduction in any mediummean age at menarche. Early age at menarche has been
linked to several adverse health effects during childhood
such as eating disorders [3] and depression [4]; and during
adulthood such as type 2 diabetes [5-8], metabolic syn-
drome [9], breast cancer [10-12], cardiovascular disease
and overall mortality [13-15]. Estimating age at menarche
is also critical for patient education and may guide the
clinical evaluation to identify deviations from normal [16].
Age at menarche appears to have been declining in re-
cent decades in western industrialized countries [2,17-21]
because of several plausible factors one of which is the
increasing rates of childhood obesity which has been pos-
tulated to be the prime factor [22-25]. A similar or even
larger increase in the rates of childhood obesity has been
noted over recent decades in the oil-rich countries in the
Gulf region [26-29] but it is not clear if this was associatedtral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
Al-Awadhi et al. BMC Public Health 2013, 13:29 Page 2 of 7
http://www.biomedcentral.com/1471-2458/13/29with a decline in the age at menarche. Moreover, socio-
economic status, which is another determinant of the age
at menarche, has changed dramatically in the area because
of the increase in the oil revenues in recent years. The data
on the mean age at menarche in industrialized countries
are abundant but the data from the oil-rich countries in
the Gulf region or the broader Middle East are scarce, and
the age at menarche among contemporary girls remains
practically unknown. We have conducted a cross-sectional
study to estimate the age at menarche among girls in
Kuwait and investigate the association between age at me-
narche and obesity or overweight.
Methods
Kuwait is a small country with a total population of 3.4
million; with approximately 27% of the population under
20 years. There are 124,779 students enrolled in 114
high schools in Kuwait, 56.73% of whom are females.
The study population comprises females attending public
high schools in all governorates in Kuwait, which typically
include females aged between 15 and 19 years. School
enrollment for both females and males is extremely high
in Kuwait, with an illiteracy rate of only 0.02% among
Kuwaiti females aged 15–19 years.
Data on the age at menarche and potential confounders,
including physical activity and dietary intake, were collec-
ted by self-administered questionnaires. Self-administered
questionnaire was used rather than personal interview
because cultural norms in the Middle East may prevent the
discussion of this topic which is deemed to be sensitive
[30]. Particular attention was given to phrasing the ques-
tions regarding age at menarche. Three consecutive ques-
tions were prepared, including age at menarche, date at
which menarche has occurred and, finally, school grade at
which menarche has occurred. These three questions were
used to validate the reported data on age at menarche. Data
on dietary factors were collected including frequency of
breakfasts, lunches and dinners not prepared at home per
week, and frequency of fast food meals consumed per week;
in addition to the daily intake (servings per day) of eggs,
pasta or rice, salty snacks or sweets, carbonated beverages,
dairy products, meats, fruits, vegetables and salad. Data
were collected on physical activities such as the amount of
time spent on running/jogging, biking, swimming, or other
sports per week over the past year, the number of attended
gym classes per week; in addition to the number of hours
spent on reading/doing homework during weekdays and
weekends, amount of time spent watching TV, using the
computer or internet, and playing video games both during
weekdays and weekends. The questionnaire was developed
in English and then translated to Arabic. The Arabic ver-
sion of the questionnaire was tested on 20 female students,
who subsequently were not included in the study. The aim
was to detect ambiguity and estimate the time required tofill the questionnaire. Only a few modifications were made
after this process. In order to encourage more candid
responses, participants completed the questionnaire in con-
fidence with their peers unable to see their answers and all
field workers were female senior medical students. We per-
formed all anthropometric measures either in the schools’
clinics or other private spaces in the schools. Height was
measured to the nearest 0.5 cm with a portable stadiometer
(SECA™). Weight was measured using a portable digital
weight scale (Omron™) to the nearest 100 grams with
shoes and heavy clothing removed.
In order to select a representative sample of female
students at public high schools in all governorates of
Kuwait, a multistage random sampling was used. A list
of all public high schools in all governorates in Kuwait
was obtained from the Ministry of Education. This was
used to select a random sample of schools by using ran-
domly generated numbers. In each governorate, the
number of schools was selected according to the number
of students required, which was based on the relative
size of that governorate, judged by the number of ado-
lescents in the age group (15–19 years). The average
number of female students in each high school is ap-
proximately 350 students. In order to recruit the
required sample (1300 female students), it was decided
to recruit 25% of the students in each school, as a result,
students were selected from 15 high schools. In each
high school, we selected students using a systematic ran-
dom sample with the list of students as a sampling
frame. We used a calculator to generate a random num-
ber as a starting point, and then every fourth student
was selected.
Data were entered and analyzed using Statistical Package
for Social Sciences (SPSS) version 17. Body Mass Index
(BMI) was calculated as weight (kg) ÷ Height2 (m). BMI-
for-age was calculated by means of weight, height, age,
and gender, as determined by the growth charts provided
by the Centers for Disease Control and Prevention (CDC,
2010) using inbuilt function in STATA StataCorp. Over-
weight and obesity were defined as more than or equal to
85th BMI and 95th BMI percentile, respectively, while
underweight was defined as less than or equal to 5th BMI
percentile. The term overweight in this study does not in-
clude obese girls. We calculated age at menarche by sub-
tracting the date of birth from the date at which menarche
has occurred; 533 (42.6%) participants were able to report
the exact date. Those who were unable to report the exact
date at which menarche has occurred reported their age at
menarche and/or their school grade. Only 24 participants
could not remember their age at menarche precisely and
reported instead the school grade at which menarche was
attained. We tested the differences in means by using
Analysis of Variance (ANOVA) or Kruskal-Wallis as ap-
propriate. The 95% confidence intervals for the mean age
Table 1 Socio-demographic characteristics of 1,250
female high-school students in Kuwait, 2010
Characteristics










University and above 436 (34.9)
Mother’s Education2




University and above 403 (32.2)
Current father Income (Kuwaiti Dinars)
≤1000 327 (26.2)
1001-1500 187 (15.0)
≥ 1501 158 (12.6)
Don’t know 578 (46.2)
Current Residence
With both parents 1054 (84.3)
With mother alone 155 (12.4)
With father alone 22 (1.8)
Other relatives only 19 (1.5)
1 Missing for 14 participants, 2 Missing for 7 participants.
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were calculated by normal approximation and binomial
distribution, respectively.
Unconditional binary logistic regression was used
to investigate the association between BMI categories
(obesity/overweight vs. normal or underweight) and age
at menarche divided into tertiles while adjusting for va-
rious confounders. Confounding variables were catego-
rized into three groups, namely, socio-demographic
factors, physical activity and dietary intake factors. These
groups of confounders were adjusted for, and their im-
pact on the crude odds ratio was noted. Only factors
showing significant association with the outcome in the
univariate analysis were considered to be potential con-
founders. Statistical significance of the association be-
tween age at menarche and obesity or overweight was
tested using the likelihood ratio test, comparing the
model with and without the variable. The analysis was
also repeated with age at menarche fitted as a conti-
nuous variable and the findings were reported in the
text. Written informed consent was obtained from the
participants and the approval of the Ministry of Educa-
tion and the school principals were obtained. The study
was ethically approved at the Department of Community
Medicine and Behavioral Sciences, Kuwait University.
Results
By the end of the study, 1,273 female students were
selected, of whom 23 (1.8%) were absent or refused to
participate. (Table 1) shows the socio-demographic cha-
racteristics of the study group. The mean (SD) age of the
study group was 16.4 (1.15) years with the majority of
students being Kuwaiti 1,175 (94.0%). Most of the parti-
cipants 1,054 (84.3%) live with both parents and more
than one-third of the students came from families with
parental education equal to university or above.
The mean (SD) age at menarche was 12.41 (1.24) years
(95% CI: 12.35-12.48). There was no significant diffe-
rence in the mean age at menarche between Kuwaitis
and non-Kuwaitis, 12.41 (1.23) years and 12.48 (1.42)
years, respectively (p = 0.62). Early menarche, defined as
less than 11 years of age [31], was found in 106 (8.5%)
of the participants (95% CI: 7.0%-10.2%). Six female
students had not attained menarche by the time of the
study one of whom has a diagnosis of systemic lupus
erythematosus. Their median age was 15.6 (Interquartile
Range; IQR: 14.8-15.9) years. There were 12 female
students who attained menarche but reported diagnosed
conditions of diabetes (5 girls), congenital heart disease
(1 girl) and thyroid problems (2 girls).
The prevalence of obesity among female high school
students was 18.3% (95% CI: 16.2%-20.6%), while the
prevalence of overweight was 25.8% (95% CI: 23.4%-
28.3%). (Figure 1) shows the median age at menarcheamong obese, overweight and normal-weight students.
Median age at menarche was significantly lower among
students who were overweight, 12.00 years (IQR: 11.41-
13.00) or obese, 12.19 years (IQR: 11.00-13.17) compared
to those with normal BMI, 12.61 years (IQR: 11.95-13.14)
(p = 0.001). Only 12 (0.96%) female students were under-
weight and their median age at menarche was 13.00 (IQR:
12.00-14.06) years. The prevalence of obesity or over-
weight were 51.1%, 43.0% and 40.0% among those who
had their menarche in the age <12 years, 12 to less than
13 years, and 13 years or above, respectively (Chi-square
for trend, p = 0.001).
(Table 2) shows the association between obesity or over-
weight (obesity/overweight vs. normal/underweight) and
age at menarche before and after adjusting for potential
confounders. Confounders were categorized into three
groups that included socio-demographic characteristics,
p= 0.001
Figure 1 Age at menarche in different BMI categories of 1,250
female high school students in Kuwait, 2010.
Al-Awadhi et al. BMC Public Health 2013, 13:29 Page 4 of 7
http://www.biomedcentral.com/1471-2458/13/29factors related to physical activity and dietary factors. In
order to adjust for confounding by these variables, these
groups were added to the model sequentially. The asso-
ciation between age at menarche and obesity or over-
weight remained evident and significant after adjusting for
all potential confounders. The odds of being obese or
overweight among girls with age at menarche of 13 years
or above was 0.65 times (95% CI: 0.49-0.87) the odds of
those with age at menarche less than 12 years (p = 0.012).
We repeated the analysis in Table 2 with age at menarche
fitted as a continuous variable. Age at menarche was in-
versely and significantly associated with odds of obesity or
overweight before and after adjusting for potential con-
founders, adjusted odds ratio 0.84 (0.77-0.93); (p = 0.001).
Discussion
Only few studies have investigated the age at menarche
in oil-rich countries in the Gulf region [30-33]. These
studies are old and were conducted among adult women
whose reported age at menarche is less reliable [34].
Thus, the age at menarche among contemporary girls
remained unknown, despite the dramatic changes inTable 2 Association between obesity or overweight (obesity/o
menarche, using multivariate logistic regression
Odds ratio (95%CI)
Age at menarche Model 1 Mod
Less than 12 years Ref. Ref.
12 to less than 13 years 0.72 (0.54-0.96) 0.71
13 years or above 0.64 (0.48-0.84) 0.64
P-value 0.005 0.006
Model 1: unadjusted. Model 2 adjusted for Group 1 (i.e. area of residence, living wit
and Group 2 (i.e. presence of disease condition that limits physical activity, amount
homework during weekdays). Model 4: adjusted for Group 1, Group 2 and Group 3
intake, frequency of eggs intake, number of servings per day (divided into tertiles)socio-economic status and the increasing rates of child-
hood obesity in the region. Principles of prevention, in-
cluding Rose Theorem, suggest that small changes in the
mean age at menarche will have an enormous impact on
public health. This study aimed to estimate the mean
age at menarche among contemporary girls in Kuwait
and investigate the association between age at menarche
and obesity or overweight.
Age at menarche among contemporary girls was esti-
mated to be 12.41 years (95% CI: 12.35-12.48), which is
slightly lower than that reported more than a decade
ago. While studying the important causes of anaemia
among girls in secondary schools in Kuwait, Jackson and
Al-Mousa [33] estimated the age at menarche to be
12.7 years. It is not clear whether the difference repre-
sents a genuine decline in age at menarche similar to
that reported in the US [35] (from 12.53 years in 1988/
1994 to 12.34 years in 1999/2002), Japan [36] (from
12.3 years for women born 1960 to 12.2 years for
women born in 1980), Croatia [37] (from 12.92 years in
1997 to 12.31 years in 2010) and Ireland [38] (from
13.52 years in 1986 to 12.53 years in 2006) or just
reflects different methodological approaches. Although
there is no data that allow for direct comparison from
the region, more than two decades ago, in a cancer sur-
vey in Saudi Arabia, a difference of 0.4 year in the age at
menarche was reported between women born 20 years
ago and women born 45 years ago [32]. Recent reports
in western countries suggest that the age at menarche is
no longer declining and that it has started to level off
[39,40]. With the rapid change in socio-economic status
in the region and increasing rates of childhood obesity,
it is critical to monitor the trends in the age at menarche
by longitudinal studies. Barriers to studying age at menar-
che that have been described before [30] seem to have dis-
appeared among contemporary girls in the region.
The current estimate of age at menarche in Kuwait
seems to be similar to the current estimates of age at
menarche among high school students in most western
countries such as Italy (12.4 years) [39], US (12.3 years
for black girls and 12.6 years for white girls) [41], andverweight vs. normal/underweight) and age at
el 2 Model 3 Model 4
Ref. Ref.
(0.53-0.96) 0.73 (0.54-0.99) 0.71 (0.52-0.97)
(0.49-0.85) 0.67 (0.50-0.88) 0.65 (0.49-0.87)
<0.001 0.012
h both parents vs. single parent or a relative). Model 3: adjusted for Group 1
of running/jogging over the past year, number of hours spent reading/doing
(frequency of dinners prepared away from home, frequency of fast-food
of pasta and rice, number of servings per day of salty snacks and sweets).
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reported from most low-income countries such as
Nigeria (15.26 years) [43], India (13.22 years) [44],
Bangladesh (13.12 years) [45], Ghana (12.74 years) [46],
Ethiopia (16.9 years) [47], Turkey (13.04 years) [48],
Argentina (12.84 years) [49], Indonesia (12.96 years)
[50], and Tanzania (14.8 years) [51]. Nevertheless, our
estimate is similar to that reported among Egyptian girls
in secondary schools (12.44 years) [52]. Although
comparing age at menarche between different settings
has attracted attention in recent years, variation of sex-
ual maturation by race or ethnicity is well documented
[41,53], thus comparing menarcheal age across racially
diverse groups would probably be inappropriate.
The prevalence of early menarche, defined as less than
11 years of age, was 8.6%. This is similar to that reported
for White American girls (7.8%) [54] but lower than that
reported for Black (12.3%) and Hispanic (13.6%) American
girls [54]. However, the prevalence of early menarche
depends on the age limit that is used to define early
menarche which is neither definitive nor universal. Some
authors have suggested using 5th percentile as an indica-
tion for anomalies in pubertal timing [55], which is
10.4 years in our study. Other studies have defined early
menarche as one standard deviation below their estimated
mean of age at menarche [56]; according to this definition
approximately 1 out of 5 girls in our study would have an
early menarche.
One of the primary objectives of this study was to exam-
ine the association between age at menarche and obesity
or overweight among contemporary girls in Kuwait. There
was a significant inverse association between age at
menarche and obesity or overweight before and after
adjusting for potential confounders, (Table 2). This is con-
sistent with recent findings that showed an inverse associ-
ation between age at menarche and BMI among school
girls, which was evident across all socio-economic groups
[39,57,58]. Our findings are also consistent with that
reported from the United States [24,59], Croatia [60], and
Chile [61] where early sexual maturation was associated
with obesity among school girls. There are several expla-
nations for the association between age at menarche and
obesity, but the specific mechanisms remain unclear. One
of the possible explanations is that higher levels of pre-
pubertal BMI lead to an increase in the production and
availability of estrogen through various mechanisms,
which predisposes to early menarche [62]. Another ex-
planation suggests that early menarche associates with
higher levels of estrogen which increase fat deposition in
peripheral adipose tissues [55]. It is also possible that gen-
etic predisposition for early menarche and obesity are both
influenced by independent genetic factors [63] but, to
date, no specific gene has been identified to be responsible
for age at menarche in all ethnicities [64].School enrolment is extremely high in Kuwait which
suggests that it is possible to generalize our findings to
all girls in public schools in Kuwait, but our findings
cannot be extrapolated to adolescents in private schools.
It is possible that girls in private schools have even earl-
ier age at menarche because of the high socio-economic
status of this particular group although socio-economic
factors do not seem to play as significant a role as in the
past [39]. We have used confidential self-administered
questionnaire rather than personal interview which
resulted in a higher response rate (only 1.8% were absent
or refused to participate). Although studies assessing the
accuracy of the reported age at menarche by adult
women have shown different results [34,65-67], age at
menarche reported by schoolgirls is more reliable. In
our study, more than 42% of the participants were able
to remember the exact date at which menarche had oc-
curred, and the estimated age at menarche from this
subgroup was identical to that estimated from the whole
study group. We have also explored the impact of the
six girls who had not attained menarche by the time of
the study by assuming their age at menarche to be the
maximum age at menarche in the study group. We also
explored exclusion of the girls with disease conditions
that may interfere with menarche. Finally, we have col-
lected data on physical activity and dietary intake using
locally developed questions which may result in some
residual confounding in studying the relationship be-
tween age at menarche and obesity.
Conclusion
In conclusion, the mean age at menarche among contem-
porary girls in Kuwait was 12.41 years. There is no pre-
vious study with adequate methodology to compare and
ascertain whether age at menarche has declined over the
last few decades in Kuwait or other countries in the Gulf
region. There was a significant inverse relationship be-
tween age at menarche and obesity or overweight before
and after adjusting for potential confounders. Although
these findings are consistent with that reported from other
regions, they have particular importance in our setting, be-
cause of the extremely high rates of childhood obesity and
Type 2 diabetes. Changes in age at menarche have import-
ant health implications which highlight the need to monitor
the trends in age at menarche in Kuwait and other coun-
tries in the Gulf region, where lifestyle, socio-economic and
dietary factors are rapidly changing. Strategies that combat
obesity among adolescents and young adults should take
into account early sexual maturation and its consequences
as well as environmental factors that may predispose to
early menarche.
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